PG-F2 and PG-HMW from Panax ginseng are pectintype polysaccharides and PG-HMW might be an arabinogalactan. They demonstrated strong anti-adhesive activities against oral and skin pathogens to host cell lines in a dose-dependent manner from 0.1 to 2.0 mg/ml. While enzymatic hydrolysis caused complete loss of anti-adhesive activities, partial hydrolysis produced oligosaccharides with anti-adhesive properties. PG-F2 and PG-HMW might have a selective antiadhesive effect against certain pathogenic bacteria without adverse effects on commensal bacteria.
Bacterial adhesion to host cells is essential to the initiation of pathogenic diseases. Porphyromonas gingivalis and Actinobacillus actinomycetemcomitans have been isolated from the periodontal pockets of patients suffering from advanced adult and localized juvenile periodontitis respectively. 1) Propionibacterium acnes colonizes skin pilosebaceous units, and is primarily implicated in acne, the most frequently encountered disease of the skin.
2) Staphylococcus aureus is recognized as largely responsible for the complications of atopic dermatitis and life-threatening nosocomial infections. 3) In many cases, adhesion is mediated by specific interactions between microbial adhesins and carbohydrates on the surface of host cells, via single or multiple interactions. Since mannose was first found to be a receptor for enterobacteria, 4) the carbohydrate specificities of many bacteria have been determined. 5) Multivalent teichoic acid, a surface-exposed N-acetylglucosamine polymer, is essential to the colonization in human nasal epithelial cells by S. aureus.
6) The root of Panax ginseng C.A. Meyer has been used for thousands of years as a dietary source of biologically active compounds with pharmacological activities in the cardiovascular, endocrine, and central nervous systems. 7) Nevertheless, our understanding of the detailed mechanisms of its health improving effects is far from complete. Given that the roots of P. ginseng are consumed traditionally as hot-water extracts, it is surprising that water-soluble components have been less extensively studied. Water-soluble polysaccharides have shown a variety of biological activities, including antioxidant, antitumor, antiviral, and immunostimulating ones. 8) Since PG-F2 from P. ginseng first demonstrated a marked inhibitory effect against the adhesion of Helicobacter pylori to erythrocytes, it has been found to be effective against P. gingivalis, A. actinomycetemcomitans, P. acnes, and S. aureus by hemagglutination assay. [9] [10] [11] [12] In the present study, we examined the antiadhesive role of acidic polysaccharides of P. ginseng against oral and skin bacterial adhesion to human and mouse cell lines.
Ginseng root extracts were kindly supplied by S&D Co. (Jochiwon, Korea). Trypsin (EC 3.4.21.4), ribonuclease A (RNase), deoxyribonuclease I (DNase), -amylase, -amylase, cellulase, pectinase, pectolyase, pectinesterase, and pectin methylesterase were obtained from Sigma (St. Louis, USA). Lactobacillus acidophilus (ATCC 4356) and Bifidobacterium bifidum (ATCC 29521) were from the Korean Culture Center of Microorganisms (Seoul, Korea). P. gingivalis (ATCC 33277), A. actinomycetemcomitans (ATCC 29522), P. acnes (ATCC 6919), S. aureus (ATCC 27217), and Staphylococcus epidermidis (ATCC 12228) were grown according to the established procedure. 13) KB cells (ATCC CRL 17, a human adenocarcinoma oral cell line) and NIH 3T3 cells (ATCC CRL-1658, a mouse embryo fibroblast epithelial cell line) were grown to confluence in DMEM medium supplemented with 10% (v/v) FBS and 1% (v/v) antibiotic-antimycotics in a 5% CO 2 incubator at 37 C for 2-3 d. For replating, the monolayers were detached for 5 min using trypsin-EDTA. Acidic polysaccharides from the roots of P. ginseng were prepared as described previously. 11) Final gel filtration chromatography revealed a major peak of PG-F2 and a minor peak of PG-HMW at higher molecular weight.
11) PG-F2 (12 kDa) and PG-HMW (80 kDa) might be composed of 50-60 and 400-450 sugar units respectively. They contain significant amounts of uronic acids, and galacturonic acid represented the highest sugar compositional element (76.6% and 41.2% respectively). PG-HMW had high arabinose content (20.7%), suggesting that it might be an arabinogalactan-type polysaccharide. The active fractions were detected at 226 nm and analyzed by phenol-sulfuric acid and carbazole assays, 14, 15) and the protein contents were determined by Bradford's method. 16 Note pectinase or pectolyase (0.2 units/mg) at 37 C at intervals from 30 min to 48 h. This partial hydrolysis was stopped by boiling, and the mixtures were purified by Superdex peptide gel filtration chromatography (GE Healthcare, Piscataway, USA). A colony counting assay with KB and NIH3T3 cells was performed as described previously. 17) Various concentrations of carbohydrates were incubated with 1 Â 10 8{10 cfu/ml of bacteria for 30 min. A 100-ml aliquot of each mixture was added to KB cells or NIH 3T3 cells, incubated for 30-60 min, and plated on trypticase soy agar or Brucella agar. Inhibition activity against binding to KB and to NIH3T3 cells was estimated as follows: attached (%) = (cfu of bound bacteria in the presence of polysaccharide)/(cfu of bound bacteria in the absence of polysaccharide) Â 100. IC 50 values at which 50% inhibition of adhesion occurred corresponded to the average in triplicates. Hemolysis and cell viability were measured spectrophotometrically by hemoglobin release assay and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, respectively. 18) Statistical analysis was performed by a paired t-test using the SPSS (v12.0) program. Differences were considered significant at p < 0:05.
Fifty percent inhibition of P. gingivalis adhesion to KB cells by PG-F2 and PG-HMW was observed at approximately 2.1 and 1.1 mg/ml respectively (Table 1 and Fig. 1A) . PG-HMW also inhibited the attachment of A. actinomycetemcomitans significantly, with a IC 50 value of approximately 1.7 mg/ml. In the case of PG-F2, 50% inhibition was reached at 2.1 mg/ml (Fig. 1B) . For skin pathogens, 50% inhibition by PG-HMW of the adhesion of P. acnes to NIH 3T3 fibroblast cells was observed at about 1.4 mg/ml (Fig. 2) . In the case of S. aureus, PG-F2 and PG-HMW exhibited 25% inhibition at 1.5 mg/ml. An acidic polysaccharide from green tea has been observed with 50% inhibition at 1.3-1.7 mg/ml. 13) Thus both PG-HMW and PG-F2 exhibit comparatively potent anti-adhesive activity against skin bacteria, similarly to green tea polysaccharides. Hydrolysis of PG-F2 and PG-HMW by pectinase and by pectolyase led to a complete loss of anti-adhesive activity. In contrast, partial hydrolysis produced active oligosaccharides between 1-5 kDa with anti-adhesive activity against P. gingivalis, A. actinomycetemcomitans, and P. acnes, but with little activity against S. aureus, S. epidermidis, L. acidophilus and B. bifidum (data not shown). Importantly, PG-F2 and PG-HMW did not inhibit the adhesion of a commensal skin bacterium, S. epidermi- dis, to NIH 3T3 cells at 2.0 mg/ml (data not shown). They also showed no inhibition against beneficial bacteria such as E. coli, L. acidophilus, and B. bifidum. These are healthy gut bacteria which protect against unhealthy organisms. The breakdown of nutrients by L. acidophilus produces lactic acid, hydrogen peroxide, and other byproducts that make the environment hostile to undesired organisms, and S. epidermidis is an inhabitant of the skin that has beneficial effects as a normal constituent of the flora of healthy human skin. 19, 20) Notably, PG-F2 and PG-HMW did not significantly affect cell viability in the host cell lines at concentrations between 0.125 and 2 mg/ml (data not shown). The growth of P. gingivalis, A. actinomycetamcomitans, P. acnes, and S. aureus was not affected by the presence of the polysaccharides during the 15-48 h incubation period. Given that the adhesion assays were performed for 1-2 h, the bacteriostatic effects of the polysaccharides were negligible.
Natural receptor analogs in secretions such as breast milk and saliva are known to inhibit bacterial adhesion, and they act as clearance factors. 21) Glycosaminoglycan is involved in P. gingivalis-mediated cell adhesion, and glucuronic acid is necessary to inhibit P. gingivalis adherence to host cells significantly. 22, 23) PG-F2 and PG-HMW demonstrated marked inhibitory activity against the adhesion of P. gingivalis and A. actinomycetemcomitans to human oral epithelial cells in a dose-dependent manner. Xylitol has been found to inhibit biofilm formation of skin microflora selectively. 24) PG-F2 and PG-HMW also exhibited inhibitory activity against the adhesion of P. acnes and S. aureus to mammalian fibroblast cells in a dose-dependent manner. It has been found that PG-F2 and PG-HMW significantly inhibit the attachment of H. pylori to AGS human gastric cells. 12) Our results thus suggest that PG-F2 and PG-HMW have broad-spectrum activity against gastric, oral, and skin pathogens (Table 1) .
It was recently found that genital transmission of human papillomavirus (HPV) in a mouse model was inhibited by carrageenan, which acts by preventing the binding of HPV virions to cells. 25) The acidic polysaccharides PG-F2 and PG-HMW have large amount of uronic acids, galacturonic acid representing the highest sugar composition. These data are suggestive of the potential role of carbohydrates harboring negatively charged groups in host-bacterial adhesion. The concentrations of carbohydrates required for effective inhibition of adhesion are usually high, in the millimolar (mM) range, because the affinity of carbohydrates for bacterial adhesins is relatively low. Given the estimated molecular weights, the effective concentrations of PG-F2 and PG-HMW are 10-160 mM, significantly lower than that of sialyllactose (0.8-1.5 mM) for binding to gastrointestinal epithelial cells. 12) At least 25 mM (about 5 mg/ml) glucuronic acid was necessary to inhibit P. gingivalis adherence to host cells significantly. 25) Importantly, ginseng polysaccharides show no inhibitory effects against L. acidophilus, B. bifidum, E. coli, or S. epidermidis, 11) suggesting that they have a selective anti-adhesive effect against certain pathogenic bacteria without adverse effects on beneficial bacteria. Our results might provide a novel clue to the health benefits of P. ginseng. Multivalent polysaccharides can perhaps be developed as a promising therapeutic approach to protect hosts against adhesion by pathogenic bacteria.
